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. The HUB*User Guide, a manual for users of the HUB system
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HUB: A Ney

nvironment for Modeling - .

HUB'is ready. The final palges of code have been written, inplemen'ted,
and debugged. The User Guide is back from the printer's. The only quesj’.
tion that remains is: Wwhat should we do with 'HUB now that we've got it?

HUB was designed to create a new environment for large-scale computer
modeling. It is, above d11, an environment for. group communidation. Like

computer conferencing Bystem, the emphasis is on providing Q\zplace" that
a 'grdup of people c¢an share-—and a set of procedures that allow them to ac-,
complish tasks jointly rather than individually.. In HUB activities, there
are transcripts to which all members of the group can contribute; there are
ooportunities to watoh a group member run a program Ox mene editorial changes

‘in a document--and to fliscuss the best way to accomplish these tasks. The

. . . V]
. HUB program also provides other grougtoriented information such as network

patterns or simply status reporte off how up-to-date‘each member of the group

-
'
.

Beyond its emphasis on grouwp communication, the HUB system emphasizes

structured conmunicationT-and a particular structure at that. The HUB en-

.vironpent is organized into actiVit}es, and- different activities take place

in different Jettings. 'Just as we wouldn't expect a basketball team to play
basketball in their strategy room, we don't expect modelers to exercise their
model in .an electronic conferende room. That's why HUB has several kipds of

-~

activities. If modelers want to discuss basic modeling objectives and

- strategies or ooordigite their work over several weeks or montha/ then the

relatively unstructured enviiszment of:a PLANET oonference may be most appro=

priate. But if they want to'Write a program or run~it under different con=
ditions, they can move to a proqram workspace, which is designed for just

that.purpose. Or if they want to write a preliminarygreport to.the client‘
or develop a guide for maintaining and modifying a model, they can work in

a document workspace. 6f—cour§o, all of these activitles are related, so it .




should be easy to move both people and information_amongjthe various activi- v
‘ties. - This ‘is the goal of HUB--to provide easy access'to different communi- -
cations settings "under the same roof." ’ - .

°program run.‘

.Lipineki Robert P nert, and Kathleen S. Vian, Interactive Group Modeling,
N ) Part 1: Extendip§ Group Communication through Computers, Report R-44,

.y

. o

-

A -third characteristic of the HUB environment.is the value placed on
interaction. HUB could be used in a lecture~type style'with oné person

L]

generating most of the information and the rest of the group simply "viewing"

this information. But HUB has been designed to facilitate interaction as
*
_much ag possible. An example is the program workspace. 1In a program work-

space, only one person can run a program at a time. But duning the course

b

- of the run, other group’ members (see the interaction between persons and pro-

gram) can send messages to the person running the programz and that person can

send messages to the group. So the group can make joint decisions about the

~

The HUB environment also supports text~based communication. Like other -
computer-based communication media, HUB requires the use of typed words to -
express ideas, opinions, and social meaning. But it also goes further than
text-based communication to provide possibilities for numerical and tab

information. That is, through the program workspa e~~and specificylly /
through the use of programs--people can communicate in a languag other

than their spoken ianguage. 1In limited ways, ey can also communicate

graphically. (This capability for graphic communibation will be greatly
enhanced when the shared visual space is implemented in HUB. *)

Another feature of the HUB enviromment -is the pernanence of the commu-
nication. HUB maintains transcripts of the communication and work done in
all of the types of activities. Thus, documentagion--a problem that plagues
modeling efforts--becomes partially automatic.: Further, the document work-
space supports the joint preparation of formal reporte, which.can draw on
the material recorded in the other HUB aétivitigs.r Records can also be
modified or stored in private files outside of the HUB system. '

This record of unication, combined with HUB'e ability to recognize
wHo has seen what infgrmation in an activity, creates a Flexibility of time
“in communicating via HUB. ‘As in most computer conferencing systems, .
b mmestion ]

*For a descriptfon of the plans for the shared visual space, see Hubert
o

b

O;‘




comnmnication can be synchronohs oxr asynchronous. Members of e'modelind

tepm can work when it is most convenient for them; thqw can also catch up °
or comment on the work of others at their convenience. "For example, although’
they may not want to stand arodnd while one of_their'colleagues is changin§
the A-matrix values in a KSIM program,* ghey{oould want tp make suggestions N
about what those- changes might be. And they certainly &ould like to see the
results, comment on them, and possibly try out changes of their own. They

can do all of these things asynchronously--when they are online alone. ' -

‘ ‘ AN
Finally, the HUB environment is a geographically dispersed environment

that encoyrages use of remote resources--both human and compufer résources.
Since HUB is implemented on a network, modelers using.the_system can gainf
access to a wide variety of programs and data bases on a variety of compu;
_ ters without having to leave a single program workspace--and without hav1ng .

to leave the communication capabilities of HUB. Furtpermore, the modeling

team can include people who are geographically separated. HUB not only allows

them to coordinate their work-with each other, but also allows them actuallg

to work together. ' = ' ' . o

“ S . .
"All of shese characteristics create a working environment that 1sldif—

_fere?t from the_ones.in which models have been designed, builf, tested, and
presented in the past. {} would not be surprising, then, to find that imode N
developed using the HUB system are different from other models or that the //
way they are developed differs from the ways they have traditionally been

eVeioped. The question that we posed earlier, though, still remains. How ' “‘i,;
should HUB be used? What kinds of modeling efforts are most likely to bene-

fit from the features found in the HUB environmeht? How might they be besf
organized? end what will be HUB's impacts on the model itself? . -

In the following pages, we explore the possibilities for using HUB in
the modeling prosﬁss.- We have selected four examples of promisind uses—-
not uses that have beeh tried and tested yet but uses that we think should
be. .

’
*SeejHubert Lipinsni and John Tydeman’, "Cross-Impact Analysis--Extended
KSIM," Futures, vol. 11, no. 2, April 1979, _ " _
6' ) 4 . ' A
» , q
“ L}




" "Promising Uses and Possible Impacts -
To analyze any modeling effort, we start by asking three simple qugsti'o_ns:

I3
[
t

. -What is being mdeled? ? - ‘
- " why is it being modeled:" .
’  How should it be modeled?

... Every modeling team has answers to these questiona, whether or not its
members ever state them explicitly (and whether or not the answérs they state
. explicitly are the real answers)). But for different modeling efforts, one
_ or another of these questions will be thé most important. Some efforts will -
| focus on cl‘qrifyix}g the pature.of the system to be modeled without question-

" ing its poss;ible end uses and v%out any comiitment to any particular model-
ing approach. Ot:hers will start with an objective--very often an organiza-
tional rather. than analytical objective--and des:lg\ the model as well as the
modeling process to meet that objective. Still others will start with a
methodological quegtion and select the "what" and "why" of the model to test
.tpat methodologi_cax question. ' ' -

I;l looking #or promising uses of the HUB system, wé have sought ‘tn.mnge'/A
of possibilities that (1) emphasize different questions as startjng points |
.and (2) might really benefit from one or more o0f the HUB features . In this
chapter, we describe four of these possibilities. The first is one in which
the question of "what" is foremost; in f&%t, the purpose of th‘modelihg _
effort is to define what the pi'oblein is. The second and third possible ilses
are "why" examples. The second is an effort to use modeling specifically to
improve communication amo“ng actors in a situation.' ﬁ‘he third also focuses
on a .communication need: - the need for policymakers to have better tools to
help them in decision-making. This emphasis on applied ‘use of the model
raises one: . of “the most trcablesome problems in n\odelingi\‘nagemmt--
documentation. Finally, the fourth possibility is a "how" example. It is
primarily a methodological atudy c:Oncerned with ways of linking models to-~

gethor. ’ . .
S ' . . : . / .
. N \'

/
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SCENARIO 1l: WHAT ON EARTH IS THE PROBLEM?

-«

Things are a mess! : '{\«

There are gas lines, and meat prices keep climbing. The Americanafamily
is falling apart. Television is 'boring, and nothing new is happening ;ﬁ :
tholes in the streets from last winter still *

music. It's July, an{ the
haven't been repaired. .

Y

This is the en nt in w ch most decision-maknrs have to operate
today. Sometimes;_lt is relatively Rasy to isblate the Problem to be a&L
dresgzed by the decision-maker. But ¢gften "the problem" iJ so complex and

many-sified that the most pressing problem is to figure out what the problem
is. . | ' K

This process'of problem formulation or definition is itself a process

ling. It is a process of generating issues or variables that con-

ute the problem space and of Identifying relationships among these vari—
es. Unlike many modeling problems, however, problem formulation stresses
xpans n of the list of variables, since the objective is to construct
>ssible picture of the problem situation. And the specification
ps among variables is not so much to predict outcomeg or even
to understand the operation of the system, byt rather to gain an apprecia- .
tion of "the diversity of perspectives about the problem situation. The prob~ N
lem formulation that emerges out of such a process is likely to be seen as
more relevant to decisions of many key actors than a problem statement that

is made prematurely or arbitrarily.-~ ) _ - :

.

Such-a problaﬂP!ormulation process emphasizes group communication;~tom
gxpand issues and obtain a diverqity of per3pectivesagequires input from
many  people. It also requires. some structured commudication in order to
organize the many variables andvperspectives. For these reasons, we think
"HUB has some promising-applications inaproblem formulation, as suggested by

o “
the following scenario. . . ‘




The situation is this: a state agency has contracted with a conslting
( firm to aid it in defining what kind of research WOuld be most useful in

planning not on1y its budget and staffing, but also possible changes in its
services and overall organiza'tion over the next five years. The project has
the enthusiastic support of a high-ranking official in the agency, who has
convinced members of all of the regional offices to participate in the stﬁdy.
The. charge to the client is to develop’'an effective procedure for them to
jointly define their research 'needs. The agency doesn' t want the process

to take a long time—-six weeks at most&-or to be too disrupt,ive of the day-.

/é’-day responsibilities of the regional participants. . 7 . )
This is the way they might :xse HUB: the ‘consulting fi:m beg.ins withsa
quick series of face-to-face Interviews with each of the participants from
N the agency in order to gather the impressions of the ma jor issues the .
agency will need ‘to address over & next five years. The interviews also
enable the consultants to get to knaw the pnrticipant-s. Next, "they estab- 'J |
lish a PLANET conference in HUB to feed back the issues '(anonyuously)”to |
the entire group. Over the next week, the group discusses these issues and
finds that, as a result'of the discussion, the nuniber of issues has more ‘
than doubled. At the same time, the. consulting group has interviewed repre-
- sentatives of several oz}side groups with an interest in the agency, iden-
tifying issues that they feel are crucial .for the near future. These issues ¢

are also presented and discussed in the PLANET conference.
)

From this initial list of issues, the cohsulting team selects a number
' 0} variables to be struqtured in a forecasting model. The team sets up the
program for the model in a program workspace, demonstrates its use, and
encourages the rest of the group to experiment with differen-t values and
relationships for the variables as well as with different variables. Some
£ of them do this jointly, some do it individua;lly, and others just wétch.
" This generates discussion, beth in the program workspace in co tion with !
specit‘ic runs and in the PLANET con erence that is stil.l rumiK '

£l

IR .
@ ® ~




At the beginning of the fifth week, the consulting team invites the
participants to begin to list their ideas about research needs.' The team

takes this joint list, together with a prelindnar%,survey of related ‘research
already completbd, to a face-to-face meeting with the group at the end of tHe
sixth week. : ) . .

<

An obvious benefit of_HUB in this situation is a practical one: a group

of people in several different 1ocations can work 5oint1y on a problem aver a
period of six weeks without severely disrupting their work schedules. From
this pracgical benefit flow the intellectual benefits of more time. to re-
flect on the work being done, more immediate responses than might be possible
‘with a series of face-to-face meetings, and the opportunity’for an interplay
between the ideas being discussed in the conference and immediate events tak-

_ 1ng place on the "home. turf" of each of the participants.

A

.~ But more significaqt is the capability of HUB to provide a focus and
structure for comparing perceptions and'assumptions about the probiem situa-.
tion for the agency. In this case, the structure was a forecasting program. *

. We expect that the various runs of the prOgram would bring a number of in-

* quiries about the rationale, about the assumptions behind particular choices
of variables,or values.foﬂlvariables. Similarly, the results of the runs
should prompt discussion of various interpretations. oOf course, ‘they will
most likely also lead to* some ‘new learning about the users' enpironment--the
prdgram can display relationships and consequences of relationships. that are
difficult to conceptualize in one's head. It might even produce some sur- 3
prises that suggest entirely new issues or ways of viewing" the environment.
The use of such programs in the context of group communicatignVCOuld produce
intellectual insights as well as foster a common group unders ding of the
'probess being modeied. : S

” ! ~
[ 4

~ . . .
*For a summary of some of the structural deling tools from which such
" a program may be drawn, see George G. lLendaris jnd Wayne W. wWakeland, "Struc-
tural Modelirig~~A Bird's Eye View," Portla te University, Systems Seience
Program, February 1977. N - y

1
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HUB offers some other minor benefits in. this situation.’ For example, S

.
v

its recordkeeping capabilitywwould allow the ‘group to review ideas contin- |
'uouslyq—a capability that is probably use£ul in any brainstorming situation. Co

Also, as used in this scenario, it provides some initial anohymity. in the
1istin§ of issues, and such anonymit& can also promote less inhibited parti- .

cipation in brainstorming. ° _ o, o

hd *
.

‘At thﬂ same time, though, we suspeét that there are a number of things. |
that could qo wrong 1n this tise of HUB. Problems of participation are most l .
‘ Clikely. Using any computer conferencing system requires a commitment to the '
group and a perceived need . to communicate. The opportwiities for a lack of
such commitment seem plentiful in the situation we have described, although
" it helps to have a high~ranking official fully behind the effort. But'be-{ : ' v
yond the inherent passiveness of a computer-based - system, the use of any : '
forecasting program may be intimidating to some ~m§5rs of ‘the team. The
ability of the consulting team to ted@h the group o use‘the program is
¢ critical; if some member§ feel unsure and insecure, they mlght simply drop o
out or sabotage the whole conference in,some way. Participation does not "
necessarily mean running the program, though. Some people may choose to com-
ment on,runs and offer suggestions and .thus remain active participants with-
out astually doing their own runs. . | ' ‘
Another potential problem is that: the discussion in~HUB is so dif t
) from,face-to—face\comhunication that partic1pants may become frustrate by a .
feeliny of informﬁiion overload and be unable to extract any learning from
the Jprocess. The PLANET conference certainly has the capability to promote
mushrooming, nonsequential ideas--hefice its value for brainstorming. However,.
the group needs to be patient with this process. One congsolation, of course, ’ LA
.1s that subsequent runs of an- interactive forecasting program should help to
structure some of those ideas.- But what if they don t? It is possible to S
imagine that the group members mi 1 end up going: off and running the
." : program-by themsel ves without e ‘revi ing and conmenting on other runs.
Then they would not only not kno w _gthers were interpreting the relation-

shipd; they would not even know. wha e others had seen. :




£ o8 "J(A . o ..’ v . | ‘
, . o ¢ . s . : ".' P " \ ot

i Finally, it may be difficult for the consulting tea.m t.o find" the right
- 1eve1 of control over confe.ence. . On one hand, it would be a- miatake '
-~ , 0

for them to let a situation suclt as the one. RYP Just noted arise; on the other

hand, a lot of che‘earmmg and communication will probably occpr as “a re-: .
o .«sult. qf L!:pe freedom for ghe group memhens tof explore the program womkepace ‘. , .
- on their own. And this T.Eeedom Could be a 1itt1e threatening to the consult- . *:‘

"ing temm, particularly 1f it has dot;bts about the value of its’ mmcmtribu-

tfon and the process it ia promoting,,_‘ C ., } S
‘ ‘L 4 . f E) 1Y ’ ) ) ) 2
. " In the next two years, as we tes;: GUB in situationf;; 1ike these, we will

want .to watch to see if. 6ur antiqipated benefits or problem emerge. We
-a

: wil,l wantf to pay pa.rticular atﬂntion to the strategies that seem to prqmote y

7 the benefits and ‘avoid the probl.ms. ’ . S .o
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SOME ‘OTYER SROMISING USES OF HUB - R
- | .. FOR PROBLEM FORMULATION VA

. ’
A\ - ereet,

Yo

e
+ 4

q ® . .

® Use of theé program workspace to compare alternative. "structures” of

¢

the problem siﬁgation. There are a wide range of general-pnrposep'

'modeling packages (such as KSIM, ISM, ASSESS. among others)” that can .

be used to develop a structurqxfor the“problem situation. Rather

than explore different variables and values for variables. as was

'xg“. \ " described in Scenerio 1, a group might select a limited set of variér

' ‘ | ebles and use those variables.in a variety of different structnring
programs. Discussion would focus on the diffd’ent relationships ‘.;\

oo vl that might emerge using ‘these different programs.
: ,’ > .-.‘- . .
® Use of the PLANET conference to identify issues. ' The initial.defini; o

, ' 'tion and structuring.of”a problem often involveq the input from a
number of professionals. The PLANET’tonference*provides a way for

people who are geographically gseparated, or who are unable to meet .
simultaneously..to generate issues and structure relationships among

variables. _ . - C '... ' a ji
. ) f . N -
® Use of the-program workspace’to'test’model structure. The program
workspaceAenables model buiIaers to 'pst working sub-components of
. : the model to,relate results to the postulaﬁed problem structures,

and to test the sensitivity of changes in parameters. It is possible’

L]

to comment and assess- simultaneously as the model undergoes changes.

T




» . . SCENARIO 2; SPEAKING THE SAME wNcAGe -

< -
. " . - *
a .

”There are lots of reasons for building a modelx to provide assistance
in planning, to develop.skills An conceptualizing a complex problem,. to in- ’
fluence the way others see the world, to explain. phenomena that have.not pre-
viously been expl ed All of these reasons suggest the need for some com- -

munication, even though comunication may not . be the primary motive for the
modeling effort e ‘ ) |

) Inproving:communication among the principal actors in a situation may ,
howeyer, be a focal reason fof modeling. The modeling process forces par-
ticipents to make some of their assumptions. about the world explicit._ In
simplifying reality,” as all. models must, the participants point to those
eleents which seem most important to them.;,In assigning Values to variables
or preparing data for input, they get a more ‘detailed understanding of how
each of them is viewing the world. By running the modél with different " /
values for variables, they come to understand how iuportant or unimportant ‘a
differences in perceptions about those values are to the outcome. And by
jointly working on a common- task, they provide at least a foundation for a
«continued working relationship beyond the modelihg effort.

At the same time, the key actors probably do not have the, skills to
'build a model themSelves. If they hire a group of modelers to build the

9

-model, chances are that a lot- -of those decisions which should provide the.
'basis for improved communication will be made by the modelers and one or
two of ‘the actors who are wurking closely with the modelers--or eiﬁ@ly by
the modelers themselves. Furthermore, the group might then be asked to
"buy into" the model without really kncwing what it is or why they should
trust ‘it. As a result the modeling effort actually bacomes a barrier to
the communication process.'

HUB could he 'thie situation in several ways: it could be usad much

[4

the way we described in Scenario 1, in the problem £ormulatidn‘stage, using
general-purpose model—irtig packages. It could also help by providing improved

'-' . R . ' - ) .
- .o
B . . *
. ) H o
' + b

N




' documentation,,as will be described in chpario 3., But a real‘innovq;ion in
the modeling process might be to“meke the dntire model much more interactive,
. ' . leaving toom for the key actors to make more decisions as the model is run-
. | ning. In fqrm, such a model would be like a simulation game, except that ~ )

. the "players" would have much more control over the rules and much more knowh : (//

, ledge of the roles than in typical simulation games. This promising use of
HUB might unfold as follows!

]
-

The situation is this: two-divisions of a corporation are examining the
possibility of sharing some of their resources, including warehouse space,
transportation facilities, and data processing services. While upper manage-

ment believes that such a .change would result in lower costs and reduced
energy needs, they .alse anticipate & lot of resistance from middle management.
Thus, they have hined a team of analysts ‘to develop a model to help them plan
for the new system. Assuming that the middle managers will be more enthusi-.
‘astic if they help plan the system, upper management asks the team of analysts

to involve four key managers From each of the divislions in the process.

~

7 This is the way'they might use HUB: tﬁé team develops an interactive

\simulatiOn ip two stayes. ‘The first stage‘modelséthe existing systems in

the two divisions. PEach manager is consulted in a face-to~face interview in

+ this process, and the- progress of the ‘modeling effort is reported in a PLANET
\conference to which all of. the managers have access.h The resulting two

s models can bé exercised by the managers. ‘The exercis consists of>rdnning
each model in a program workspice; since the managers are online at the same )
time, they make decisions #ndividually or‘in teams at varipus points in the
program run. . Discnssion focuses on the results of the ruhs and the alloca-

-

tion of decision-making responsibility.
) ' Ce

The second stage attempts to Mbdel the conVersion process. The model-
ing team and th managers dq this jointly. As the managers of one division
make decisions that affect the operation of ‘the other diVision, tﬁe model
builders begin to congtruct links ‘that describe the. effects. This 19 ac-

Faaadindl - TGN

s .
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complished asynchronously over a period of several wesks. The redrlt 1

A
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a third modal that represents a combined system and that can be exercised

‘ much the way the first .set of modcls was, only with all managers partici-

’4

by

[
_ pating together _Here, the dichssion focuses oexunforeseen problems and

Opportunities as well as on the ldentification of ‘areas’ in which cooperation

‘or clarification of responsibility and authority will be needed ' It dlso

provides an bverview of the types of decisions that each of. them’ must make /(

that they would not normally anticipate. Based on this. discussiod’ the de/
velop a set, of recommendations regarding the «best procedures for inmuement- .

ing the ' changeover. _ : . ) o X f

. HUB provides a unique and fundamental advantage for this kind of model-
ing effort--the ability for a group. of geographically separated people to
interact with a program. This easy- o-use interactive capability means that
joint human-computer simulation of a process is encouraged. _The human
players can thug become participants in the formulation of- the model, with
a better understanding ‘of the model 8 assumptions, as well as ‘each other 8.’
Te model builders can . construct the model on the basis of the kinds of -
‘decisions the humans make rather than:predefining the kinds of decisions the

-

model 'can deal with. In short, it is a very different way of doing modeling.

Beyond this ability to involve the'decision-makers'in the modeling

process, HUB creates an environment in whiéh a group guch as our fictitious

< managers can ledrh not only about the system being modeled, but about their
/

relationship'to the‘system being modeled. - They can see who is called upon
to make decisions, the'kinds of decisions they meed. to make, and - even the
motivations for those decisions. 'I'ney can see the relationship between
their own decisions and those of others. And since all of this occurs in a

context of group comurtication, they .can discuss what is goin/g» On.

The ability of HUB to support oommunication among geographically sepa-

rated people is, of course, fundaméntal sisce, in this scenario, we have

(3

actors in at least three separate locatiops.
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HUB's ability to lupport both synchronous and asynchronous caumuucation

is also.important in this scenario. We expect the synchronous model to be

ideal for exerciding a simulation model with a group of decision‘makers; in _
‘a very short fime, they can raise many of the isgsues regarding the operation. '

» of the system and their own decision-making processes., At the same time,

the asynchronous mode is critical to the model builders, who need time. be~

tween decisions-~or rung of the developing ?\odel--to construgt ‘and modi fy

the model.' e

\

This time flexibility could be a problem, howevey. Tt would be easy for
,managers td lose interest in the process if several days ‘and much discussion-

between their decisions and the‘cbmputer's-interpretation of

ts« And since the computer doesn't beckon them when it's time
_for a new deeismaq, they may just not come back.

cirmgl, )
Another problem might Aarise from the game-like quality of the modeling ’
process. A modél can never match the real world ln complexity; thus, the - B
simulation could appear oversimplified and the managers might not take it .
seriouslye They might - even feel that it is undignified and be reiluctant to
participate. Alternatively, they might "play the -gamey " but treat it as a
—- game and not make decisions that are repregentative of their decisions in
real life. In either case, it.is important to digs¢uss those parts of th
model which seem overstmpl'ified rather than letting the group ignore them.

The dynamics of such a modeling process will inevitably reveal a lot
about the interpersonal relationships among the managers, and some of these
relationships may need.improvement That is, after all, one of .the primnry

“ purposes of the exercise. However, the Juanagers may be reluctant to address
these interpersonal issues in the presence of an outside team of analysts}

Perhaps even woyse would be a tendency to use the modeling team as process

“g:“ﬁ consultants: mpst modelers are hardly qualified to assume such a role!

. i

Finally, while a s‘mulation game is less threatening than a formal meet~ y
ing, it can still ba ‘threatening if the managers feel that they are somehow o
being tested, partioularly in‘;he presence of their peers. If the exercise | '
is to promote conmunication among them, then, someone 1is going to have to .

do something to establish an atmosphere of trust. . - S ‘
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SOME OTHER PROMISING USES OF HUB | ' o
FOR PROMOTING COMMUNICATION -

(4

model_builders.and the oclient.

n' . Y - ' ~

. .

Use of a program workspace to{promote.communication among .

experts in a field. A group of experts could be invited to
4

'exercise" one or more models in a program workspace. The

. Jruns wouid emphasize alternative vaiues for variables, witb_

discussions of the assumptions underlying.those values.

While

A the actual model runs might yvield eqme insights -about the

sensitivity &f the model to alternative assumptions about
values for the variables, the real major objective would be

to increase the experts

tions and world views, and perhaps to encourage some_synthesis.
\ -' ‘ - '

‘Use of PLANET and program workspaces to promote communication

between the model builder and the client. The HUB system'might

be exerclsed much as just described. A newly deve10ped mode 1
would be exercised by a,. group of experts, together with the

Such a use would (1) ‘allow .

eberyone‘to'discuss the alternative values for important vari-

ables; (2) allow the group to test the aensitivity of the
model t05Var1ations in values that are particularly interest-
ing- to the clientv.anq (3) provide the client with a critique
of the model by the experts. ’ )

&
Use of the piogram workspace to train future users of the
Iﬁ the model is to be run anj/haintained by a group

other tHan the model builders, the p

model.

ogram workspace gould be

used to train theseé users. They could participate in trial
runs, with the builders observing and commenting on their rung '

as appropriate. This pr&cess might also suggest particular

dcchmentation needs that might have gone unnoticed.

understanding of one another '8 assump-.

o .
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'~ The proposed solutiong to this problem have been standards and disci-
. pline. ‘The Dgpartment of Defense has answered the call for standards by L

o~ B
. ’ . ’

\ . . . . .
% . . A ' .
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-~ . . =19~ ) \
| , ] .
.

. - SCENARIO 3: WE'VE GOT PEOPLE DIGGING
' THE RIVER FOR CLAY 12 WATCHES A DAY!

. - N
One of the most disappointing failures of large—scale computer models

has. been their lack of impact{on the policymaking process. This failure has
w possible auses. But the one that Jis cited most frequently is the lack

A )

‘of adequate.documentation,*

14
¥

.

producing ‘a 1engthy volume of specifications for the documentation of com-
) puter pt’rams. Since people are wary of f-fhe natural ability of modelers -
(or anyone else) to exercise self—discipline v it ‘has been propdsed that one .

or more membex;s of a modeling team be included solely to document the effort.

’ L}

It seems clear that many modeling projects will not take such a formal
approach to documentatiqn. In fact, such an appxoach to documen’tation might
conjure up a scene in a recent science-fiction sppof of compu_ters and cammus~
nication techmology. In it,. noveliet Rob Swiga’rt t‘ransporta us back to the
days of Gilgamesh in Sumeria and suggests some of the problems that Gilgamesh
rnight have had meeting DOD-1like epecs for docmnentationl: | -

"I look glum, huh? Well, I am glum. You gotime started on this damn
recordkeeping and filing and listening to complaints and all the rest
of this stuff, and frankly, I'm.going nuts. The gods hate me and v
won't talk to me anymore. "I haven't heard a thing from ILugulbanda
since last week. I spend all my time reading these damn reports. ’go
much barley here, so much wheat there, so many es of walls built,
many es fallen down, so many i1ku of grain planted, 80 mapy harvested,
" . so many spears and bows and arrows and helmets in the warehouses, 80
many es ‘of canals broken 8own and not repaired, So much grain eaten
" -by rats, Do yow realirze that since we started this recordkeeping,
the scribes' have filled four huge rooms with clay tablets, and that's
this month'alone. And\here" <= he waved his elbow at the litter on
. L)

4

t

*See especially Saul I. Gass, Computer Model Documentation: A Review .
and an Approach, University of Maryland, 0011eqe of Business and Managemant,
ril 1978. -

l
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the table. “"Notes! I use up tons of clay just taking notes. I ve
, got. people digging the river for clay twelve watches a day, sunup to
) . sunup, and we still can't seem to collect enough clay. It's awful.
- ! Ouch!" He had put his elbow down on a jagged plece of clay.
) ) ‘
Modelers don't have to worry about scraptng their elbows on a jagged piece R . }
of computer code, but they do need to keep documentation efforts from run-~ J,""'"" N

ning away with the modeling project Our third pr7dksing use of HUB concerns
this need ‘ ' ' '

| The situation is-this: a team of four is~bui1ding a model that Iinvolves :
an extensive regression analysis to develop a set of equations for forecast- ,
ing future patterns of use of national" forests. In‘all, they wi11 proba‘plg
need over 75 "runs" of the regressiog program, Different members of the s o~
project team will be making the‘runs at different times. They will need to
keep track of who has run the program, which variable combinations -were
‘tested, what the resul ts’were, and what new runs the results suggested; then -
they will need to record this information for the client and select and
label the significant .runs for an interim report. Sinceé all ‘of the team
members have.other project commitments and will be traveling off and on
during this process, they will have trouble keeping up, on a daily basis,
with the progress of the runs; they wi11 -also have some difficulties dis-
/ cussing the results and next steps. And since they are hqman, they are
likely to become inundated by stacks and stacks of COmputer printouts that

L]

are incompletelg labeled or not 1abe1ed at all. ‘ . S

Th.lS is the way they,might use HUB: évo activities are set up .The :
first Is a travel con?e;ence in PLANET. This is used whenever one of the o
project team Is traveling to coordinate the project or for general discus-
slons about the regression analysis. The second activi ty is & program work~ -

' space In which the regression’ program can be run. The group agrees to one
brotocol in running the program: ,that at the beginning 'of geach run they ' : )

will include a brief comment describing the-run. Thus, whenever the team

i

»

)Rob Swigart, The Time Trip, Boston: Houghton Mifflin Co., 1979,
ppP. '151-52. : _ O




members want to know the status of the regression analysis, they check into, K °
the program worksp&ce, Hué indicates with an'ast;;isk which runs they haveh'@
fséen, and they review thes§ runs, using the "COMMENTS ONLY" restriction('so
that they obtain a'{jqping of the runs plus thﬁ initi§1 commeéps that de-

Scribe the runs. ' For example:

Regression [23] Run by Smith 7-Aug-79 9230 AW\

[Comment 1] Smith
- This run will concentrate on the variables DISCRETIONARY INCOME and
OIL PRICE. They will be forégﬁﬂfn the first regression step, and we
cag see what r squared results. It will also be interesting to see
th& order in which the other variables are chosen in subsequent steps.
. . o _ L . w T
Of course, they sometimes also want to see complete transcripts of some of .

the runs and‘ ‘comment on the_'m. When all o;' the re'?gressiox'ws héve been run,

.one project member agrees to document the work. Using the document work-
spabe, she prepares a brief report outlining the approqch that has been.\taken
and_the assumptions underlying it. She includes an overview of the regression
ruﬁs and thg cogclusions that have been drawn from them. To this report‘s@er
\appends a list of all runs with comments and the entire tra;;czipts for the -~
10 critical runs. T};e report is 't:hen copied and placed’'in notebooks for a .

face-to-face meeting with t:hg client béfore proc_eedihg to the next step.

HUB seems promising in this situation for sevéral reasons. The first
is that it tends to’ capture documentation informatipn at the time of the
run. 'I'he user has to enter t‘ne HUB program workspie in order to use the
program. (xmmenting on the run then involves the same kind of behavior as
running the progranr-typing at the terminal, waiting for prompts from the
system, and respondinq Documentation becomes a more natural extengion of
the run 4tself and is thus easler; it is also more likely to‘capture the im-
mediate khOughts of the person doing the run, rather than requiring that.the -
user féconqtruct them minutes, hours, or days Iaker‘ .ﬁhrthermore,-this in-
formation is jux;aposea to the run--or even the portion of the run--to which
it refers. - : ' k

v




' not provide ‘comments . It captures the run transcript’ ‘itsel‘ﬁ together with - o
the %ime and date it was run as well as the name of the person who “rhn.it

»
L)

and -a run nunber. It thus provides an, automatic filing system, - from which .
transceipts can be retrievel by' date, by number, or by author - name. (It is .
also possible to retrieve by keyword if that’ is appropriate ) .

, [ . r .
A .
The same fehdtures that provide this easy-to-access transcript flle also:_u

 make it possible to obtain a quick overview of what has been done and by

whom. This makes the system a useful management tool as well as an aid in

. ‘ .
preparing summary documentation for a client, as suggested by the scenario.

] ~ Finally, HUB provides a docume/nt worksp&ce in which reports can be
' prepared. Here,gs in the program workspace, there is emphasis on group
interaction and - collaboratim._ All group members can comment on a document
or edit it and ”explain‘their changes. Each time a user enters the workspace,.
k - all changes that he or she has not seen, along with explanatory comments, are
” automatically displayed

~

° N
)

Now, what could go wrong? Obviously, users might not be motivated . .
enough to meet even the minimal ‘requlrement of one coment at the beginning °
/’\of the‘run. In some cases, they might “even choose not to store a run (this
is possible in HUB) because they feel it was insignificant or perhaps con-
tained gn error that was embarrassing in some way. Information would cer-
tainly be lost “in.this casé, but the loss is no more likely to occur than * Q

in traditional ways of running programs and documenting runs.

Kl

The' situation could, however, be worsened if t}& system led to misin-
formation rather than just the loss of infomation. For example, if comments
were not clear or not adequate or if there were wnrecognized misunderstand-

ey ings about the terms being usecf, misunderstandings about the analysgis itself
might result. Some runs might be duplicated while others might be omitted.
Or the wrong run might be gselpcted for cons\:ructing the equations. This
situation would be even more troublesome if the group placed too much faith L e
in the "systematic" quality of ‘the HUB process. i R

)
Also, the group might be seduced into placing too much confidence in ¢ - '

o : : -
the ability of HUB to capture the really’ importapt commuhication about the

AR

' ' ) K




runs. “In fact, the most igportant discusaions--the ones that lead to

decisions--are likely to occur face-to-face or even over the t lephone. 'Ihis
1% okay. No one expects modélers to take up permanent residefce in HUB. But
if modelers think that they are automatically gather ng

uecieigns. sthey may neglett to record some vital information outside the
system. . . e - . » o

Finally, we can speculate that a11 of this"recordkeeping might make l
some members of the pro:)ect team a 11ttle nervous, a little resentful, or

both. After all, if one person has done more than two-thirds of the runs

when the workload is supposed to be shared ,equally, the inequlties are goingq .

to show up. Differences in skill levels may show up, too, and discourage
some people from'participating.. .In such caees, HUB may imhibit communication

more than promote it.

i
.
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OTHER PROMISING USES OF HUB

_ POR (DOCUMENTATT ON . -

~
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Use of a program wbrkspuce as a personal workbook for exercising

- a program or model or for deVeloping a pnogram., The use would be

similar to that outlined in the scenario just describ:d, except

that it would be a persgonal record rather 8han ag : conference.

Use of the document workspace as a personal notebook / Each member
of a modeling team might want to maintain a set of personal notes
~about the project. .- These notes might *indlude questions to be .
raised, ideas co‘serningQHater stages of the project and the kinds
of notes.one often jots down on the backs of envelopes durfng the

course of a research effort. - )

Use of a PLANET confefence by geographically separated members of
& project team to document assumptions about the model. The PLANET
conference might be used to conduct a general discus31on of the

variables and their relationships as well as other-models of the

. same process. The conference ordanizer could then anaiyze the

‘ pared for group discussion.

transcript to identify assumptions. These could be liSted for the

groyp to comment on explicitly. with revisions, they could be in-

" cluded in a report to the client. ' (The client might even be:.in-

cluded in such a conference. i ' ’ "

Usé of the document workspace to write, modify, and annotate code
and to docunent assdmptions made by programmers in the course of
1mp14menting a. model Since the document workspace is designed for
joint editing, it may actually encourage Joint programming as well
.as a record of changes . in the code, togethqx with reasons for those

changes, Often programmers realize that' they have to make some

. aseunptions that were not specified by the modeling team as a whole. ‘

"As these occur, they can be noted in tle code, and memos can be pre=-

14
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., ' SCENARIO 4: THE EMPIRICAL ¥I8NK . =~ . °

¢, Yoy

HUB is first and foremost a communication environment. But it is aleo"

a laboratory in which experiments can be conducted--experiments in modeling
uﬁthodology. With its capability for structured group dhmmunication and its
. automatic recdrdkeeping capabi es, HUB provides an: ideal setting for exb
‘ ploring empirical apprOaches to some of the problems that confront: modelinq
fftoday. ' . L . >= - S o

- An ernmple is the linking of submodels. This‘process, which is one of | ‘
the critical issues in 1arge—scale modeling, can be ‘viewed as a process of '
building communication channels among the submodels. The effectiveness of’
. the composite model will depend on the characteristics of these ohannels. .
Some of these characteristics will be technological: How is the information -,
.transmitted? How qnickly? How frequently? Other~characteristics of the | |
_comunication channel are more cultural when’ the outp.ut of onbé' model is - .
not exactly what is required -as input to another, theﬂﬂigterpretation of the _ .
output is required. How is this done? How does it dep .on the background f
"~ and wiews of the personuwho is linking the models? Thp way that these |
questions--both technological and cultural-~are answered in linking submodels

will depend on three conéiderations: : - S e
. . Y

e hFirst, xhere are theoretical conaideraticns. A good example ie thi”
question of how a time-dependent model should 1ogically pe 1inkéd
" to a static model i .o n.;.iy:m“ th-:-)f

’ .« Ll ‘et .;.~
Lol . < - ' .

° Second» there are software considerations.. Software choicea\tor - . oo
*  the individual’ models will inevitably ¢onstrain the type of‘link |
that is constructed.- Software capahilities, in general, will shape
both the. technological and cultural characteristics of the dbwuuni-

cation channel. .-' i o S > ’(" p
(;" . .Finaliy, there are. interpretive consideratione. When no automatic !
link exiat¢ between a pair -of nubmodels, a uaer»of the model muat

& : -




. 1nterpretnthe resulte of each 1n thg'light of the other. This is’,

. e ‘ a highlx selective process, which varies from u%er to user. When {,
.. .p

S~ the COmmunicetion channel ie cohatructed, it must provide some - meane‘

. < K -

' for this kind of ‘selection and interpretati&n. - .o | .

) : . e »
\ o’ " The HUB environment provides. -a perticularly good opportunity to examine

the interpretive pk\>:ss empirically and to construct 1inK's based on the :
?f . results of this obse ation. The following scenario suggests how such an
5 empirical‘hpproach to“linking submodels might proceed

L}
- . e = _ : T %
- .

'. . ‘ . R ". . V‘.

' ' - . - . . i, . - ] - ' )
AN . _ - This is the situationx .a team of modeleréi social scientists, d com-
‘_j'.'puter scientists is working on an experimental project to develop

ology for 1inking submodels. They want ¥o'use an empirical approMch, observ-

. _and use the dpformation in various submodels and then identifyi g‘procedures

L]

for doing this automatically via computer. : ¢

y T 1%is is the'way they might use HUB- the team establishes.several ero-'

g L gram workspaces . Each“o} these workspaces includes two or more submodels '
c-. (of varying complexity) that are to be' linked The tests involve use of f‘ ‘s o
- the submddels by a variety of different subjects who range from 1ag people : o

» bo sOCial scientists and experie'ced modelers, each test, one or more.
people are\first briefed in a PLANET conference. 'They are given problems
}. S "to solve tnat requfre u51ngﬁinformat;on iﬁom-all of the submodels in the
workspace. Sometimes the tasks ca11 for using information from one or more
suomodels in running another, but this integration of models may require
‘ considerable ingenuity and interpretationj '
o The analgsis of the tests includes. (1) using the HUB interactive
monitor to track the.flow of information, (2) content analyses of tran-
oL scripts of the ring.- in the program workspaces. to find commonalities and .
o differenbes in the way the s&bjects approach the problem, and (3) direct ;fd
- f\\. questioning of subjects as they ‘are running. the program to discovor whb they ) \
' llko the choicgs they do and how they perceive what they are. doing. ‘The’ oy

.objectivo is t:o observe t?:e types bf operations the human ".linlcs” perform

‘ . . . .
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- K " - . . ) 6" o R . .. L : . . . . - -."_ .
A . e ST S P _9!«’ o . .o : T
N - i o A R . k3 . ‘. .-
o .. . 3 . ‘,.- * [ LY . R o f . N , e
. . . - . . A . . Lo .
' : R K . - N . s - > . t N 3 t




o

. - .

H,\ ] . « ! . . .
(‘ . ‘ . . ' v
"1;1 T . ’ '
13 " - g -

\' .

’.::;"'"

in transferring information from one model to another and‘theréby to arrive
et‘some understanding oi what part of'tha€°process can be automated and what
rules‘should‘guide the automation. . |

. [ -
L s . [

‘/ : * . % w. w " -" .

\ \ . . ) ’
HUB prqyides two distinctive bbnefits for . this kind of expe:i;::t:tten/

with modeling metthOIOgyz

First, it allows the research team to structure the experimental set-
ting, controlling access to resources and providing the same information to

all of the aubjects " At the same time, this staructure is easy to use: thus.

differences in the approaches of different subjects will- have less to do

with.y;ills in using computer‘programs than with their d*fférent perceptions
of the problem and the possibilities for solving those problems.

(3

. Even more critical tp the experimental sbtting are HUB's’capabilities

for monitoring the flow 6f information among partfcipants and programs in
the workspace; its automatic recordkeeping capebilities that provide complete
‘records of the substance of the, information exchange; the' opportunities for

»

unobtrusive observation, so that the researchera\ggg,aote subtleties that
may not be captured by the transcripts or monitor data; and the opportunity

'for obtrusive observation—-that is, to interact with the sdbjects as they

a;e performing the assigned tasks

~ The problems‘with the HUB environment are mach the same problems :that

“ogcur in any experimental setting. First, the tasks an& setting are artifi-!. :
wcial; the approdches to solving the problems, and the conmunication patterns

in particular, are likely to be. somewhat artificial also. If the experi-

menter s purpose is to identity the cultural considerations in linking sub-
models (or any other mbdeling problem), he or she should be awaYe ‘that the
| eystem changes the oulture of the subject. . o

The observation capabilities that are a benefit to .the experimenter

are also a poeeihle liability.' Subjectl in.ali gpperiments tend to perform
for the observers. And even though the observers may never interect with

. ”the subjects, HUB is elwaye remfndina ‘the - eubjecte shat lom.on. 1. or is:
n°t pr“.nte st . .. .

Thmas
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E‘inally, the HUB environment may itself constrain the boaai.bilities for

_the way the subjects transfer information from submodule %o submodule..

The

proqrum workspace, does not give them access to the full power of the com- '
. puter--power that certainly would be available to the modeler or conputer *

programer oonstructirig a link. Thus, the human linking processes obserbed

may demonstrate the way that models can be linked in HUB mbre than the best '

~

way to link models. ¢
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o Use of the pWOgram workspace to develop a representation of a complex
decision—making process. A prquiminary model program might be run in
a program workspace. One member of the modeling team (or test subjects)
would run the program, suspending it at various points to ask for in-
formation and to make decisiaens. Other members of the team might then
analyze these decisions in terms of ﬁhe points at which the decision-

. maker stops)tHe model, the types of information sought, and the complex-
ity of the decision. This analysis would guide them in formally repre—
senting the decision-making process. '

..

!

~.Use of the program workspace to test an "intelligent" modei. There

has been some work to include in simulation models a representation of

an "intelligent“,policymaker 8 perceptions of the world and his or her

creative responses. ‘Such a model might be tested in a program work-

‘ space. The model 'could be run with different configurations for the .
perceptual/problem—solving module. The performance of these various
configurations could. then be compared to that of .(1) an individual

' human actor presented with thq same- information; (2) a group of human
aacgﬂts; and (3) a group of human actors who have dbeen given specific
.political or bureaucratic roles to guide their decisions.

+ 4

® Use of thk program workspace to Analyze the strudture of a madel. A
model program could be included in a program workspace with a series of
programs that detect and analyze the structural features of the model..

: For example, one program might analyze the strength of . every feedback '
loop in the model; the group could then discuss ghether or not these |
.loopa seem plausible, and’ represent mechanisme ,that can be4exp1ained in |

the real world. 1If not, they can “mock up" changes in the model and
,test the ‘new structure.' ' o

4

— »

. . . . : : (
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: - A Framework for Evoluoﬂon
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This report has outlined some uses of HUB that we think are promising.
These uses range from ones that are immediately and practically attractive

to ones that are more exploratory«and require some real risk-taking. . They .

all reflect what we believe to be the strengths of the HUB system for the

modeling process. ‘ o B e T J
N Over the next two years,.we will be testing HUB in field settingsfﬂiWe
hope to have tne oppoxtunity to oﬁserve.its'use in situations_like those
-described in the scenarios. But we ‘also récognizes that there may be other
situations in which HUB is as useful or more'useful;# Tblemaluate these'
situations, we need to place them in some framework{ to locate tnem on a

kind of map of the modeling world., o

How do we draw such a map? What territories would it span? What lines

¢

mark its boundaries?

“ <

Many approaches to evaluation are available to us, from both the hard
and ‘soft sciences. However; our particular t&sk--facilitating communication
| in a group modeling context-~inclines us toward the evaluation methodologies
X¥ the softer sciences. S . ' . > '
Qne promising approach uses a systems framework to capture the eesence
of *the modeling process.* By matching the characteristics of HUB with’ a
given modeling task, we are able to determine the kinds of modeling efforts

moet likely to benefit from the HUB approach. ' q

) w3

*See P. B. Checkland, "The Development of Systems Thinking by Systems °

Praotice~~h Methodology from an Action Research Program," Progress in Cyber-
"netics and Systems Research, vol. 2, Hemisphere Publishing Corp., 1975;
Checkland, "A Systems Map of the Univérse," Journal of Systems Engineering,
vol. '2, no. 2, 1971; and Checkland, "Towards a Systems-based Methodology

for Real-world Problem Solving," Journal of Systems Engineering, vol. 3,

no. 2, 1972.

[
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As a preliminary step toward building such a systems framework, we ask
again the three questione euggested at the beginning of the second chapter:

N _ —
- , What is being modeled? _ ﬂ ‘
Why is it beingimodeled? :
™ How should it be modeled?

The range of responses to these questions constitutes-a taxonomy of choices »

in the modeling progéss. when expanded, the questions provide a systems
evaluation map of the modeling task.

In exploring what is being modeled, we' will want to examine the modelera.
perceptions of the problem being modeled.‘ Obviously, the modelers themselves:
‘may not. be in unahimous agreement. To represent these perceptions in .terms
of our systems framework, we must determine: the goal or goals of the model~
‘ing task; the structure of the problem ‘space; the activities or functions ‘
within that space; and the control or management dimensions~of—the—problem:

It is important to determine the final purpose, or end use, of the
model. The expected end use will affect both what sort of information is .
emphasized during the modeling process and how it gets transferred among
modeling participants. End uses generally fall within.ond or more of ‘the -
following categOries: exploration or explanation -of phe mena, prediction.

»

planning, learning and teaching, and methoddlogical development.

0

_ The crux of the hctual modeling activity is' how it should be carried .
' out. Much material is available in this area, and a great number of protoh
cols have been suggested. Our aim, during this evaluation process, is.to
‘suggest and enumerate the multitude of decision choices open to the modeler.
Some of the issues t\ht would be considered hera can be found in the systems

]

evaluation map¥in Table 1.

The framework we have outlined is certainly not a domplete fflap of the
modeling "space-" But it begins to define a range of choices in the mode1
ing process that miy Oox may not beiwell‘suiteq to the HUB environment or
. that .may affect the way that HUB is used in the modeling process. As.we
test HUB;’we will be expanding and“refining this map. We will try to lo-
cate both successful and unsucesssful uses of HUB. Wé “will try to identi-
fy choices that seam to be critically linked to HUB. Through this/gy&‘&gp '
tion, ywe hope to be able to answer the question that .opened this reportz
What should we with HUB now that. wo've gpt f'e? . ("*

; “
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\/1 TABLE 1: A SYSTEMS EVALUATION FRAMEWORK S

. ‘m'r ¥8 BEING MODELED?
his uugory concems the modeler's potoaptiom
of the systam being nodeled, perceptions that

, might be orqan:l.ud qocord.lnq t.oa

Structure } :
a cowplex or -ﬂplo syftam?
an ill-defined or well-defined system?
a changing or stable system? °
‘Goals
*  to,maintain stability?
ta maxinize order?.
. to minimizs order?

a:l.ngfe or multiple t‘- ctions?
system-defining t'unc ons?

. lygte-dep.nd.nt functions?

Control

. controlled by internal forces not subject
to chmqe?~
controlled by a few critical oxtomal
d-ch&pn points?
. controlled by numerous, not well-known
extemmal decisibn points?

7’

-

. -
WHY IS IT BRING MODFLED? .
The expected end use of a model might be described
“in terms of .one or more of the followinq categories:
" Sy, “ i M . P

° zxploxtltion/'explangtion

_to explain phenomena? .

v to identify causas of undasixed gystem
p.tforuncc?'

to understand opotauon of tho system?

to provide input to another modal or
analysis? -

v

o

e Planning

to explore altermnatives? )
to pod&ct long-term effects of dociniou?
¥ to raise policy’ Lsspes? .

e learning and teaching . ¢

)

3

to improve Mmiouuon nnonq actoxs in
a situation?. .
to develop akills in d.chionwuk:lnq in
complex systama? e ’
to learn to conceptualise a aouplox system?
so mnuonoo somacne olu‘- wehtal wodel?

'..'

© - v A

. — ‘ » @

v.

. -
.
A .

o MNethodological ‘development

*  to develop a new modaling technique?
* to tast or demondtrate a new _modeling
tschnique?

. \ ' ' *
I ' " ' : .
‘. how sudm.o IT BE MODELED?. '
' ga,
MIOIS make numerous choites about the way

. that a system should be modaeled, 1nc1uding
choices 4n’ the following cateqorinx .

e Organization ' e

¢ - K

MY
lultiliu or single site?
well-defined division of responsibility? -
team approach, flexible dlvision of

. xesponsibility?
short-term or long-term?

. , X , .

e Commmnication between builder and user
continuous or intermittent?
at beginning and end only?

written, talephone, faco-t:o-face,

’ computer-based?

" (formal presentations?
training?

4

. ' L4
e &owaumication among builde¥s

", highly setructured or relatively

wms truotured? »
¢ face-to-face, telephone, written,
- oonputer-based? . -
., . graphics?

o Software choices

modeling language?

analysis packages?

interactive or batch? .
. display packages?

. rd
® llu_rduro choices -

' local éonpuut?
network computer?

o Modeling t.ochniquu T

numrical? . -
structural?.
input-output?
econometric? ¢
systems dynamic? -
deterministic or probu‘nhtio?

LA
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